Keywords
Bibliometrics is defined as the statistical and mathematical method used to quantitatively analyze scientific publications. Peer-reviewed publications are important for securing grant funding for academic ophthalmologists and their departments, career development and tenure/promotion for academic ophthalmologists, and judging the overall success of an academic department. [1] [2] [3] [4] [5] [6] However, determining the output and impact of research for an individual or a department is often highly subjective and unduly driven by reputation without quantitative analysis and data.
Measures of productivity and the impact of scientific publications have been established, but none have been more widely accepted than the h-index. 7 First introduced in 2005 by physicist J. E. Hirsch, the h-index is defined as an author's number of papers, h, that have been cited at least h times in peer-reviewed literature. 8 The h-index measures publication quantity while accounting for quality through citation count. Hirsch also described another parameter, the m-quotient, defined as the h-index divided by the number of years since the author's first publication. 8 The m-quotient is useful when comparing younger researchers to their more seasoned counterparts.
The h-index is the point where the number of publications intersects the number of citations when ranked by decreasing order of citations. To illustrate how the h-index works, let us compare two researchers in the same field, X and Y. Suppose X has 100 peer-reviewed articles and 10 of those have been cited 10 or more times in the literature. X's h-index would be 10. Y has published 50 articles, and 20 of those have been cited 20 times or more, therefore yielding an h-index of 20. Who has the larger influence in that scientific field? The h-index would argue that Y has a greater impact despite having half the number of publications, because Y's work was considered significant to subsequent studies as measured by citations.
Since its description, the h-index has been applied to analyze the fields of several medical and surgical specialties, including anesthesiology, 9 hepatology, 10 neurosurgery, [11] [12] [13] [14] [15] otolaryngology, 16 radiation oncology, 17 radiology, 18 surgery, 19 and urology. 20 Academic ophthalmology has utilized the h-index with recent publications concerning National Institutes of Health (NIH) funding, 21 gender differences within NIH funding, 22 and fellowship training. 23 The purpose of this study was to describe academic productivity within ophthalmology by measuring the h-index and m-quotient for 2,824 ophthalmologists and all nonmilitary departments (n ¼ 110).
Methods
A listing of the 2014 ophthalmology residency-training programs was obtained from the Accreditation Council for Graduate Medical Education (http:// www.acgme.org/ads/Public/Reports/ReportRun?Repor-tId¼1&CurrentYear¼2014&SpecialtyId¼41&IncludePreAc-creditation¼true&IncludePreAccreditation¼false). A total of 110 nonmilitary departments were identified. Departmental Web sites were consulted for the names, academic ranks, gender, and subspecialties of each faculty member. Full-and part-time residency-trained academic ophthalmologists were included. Nonophthalmologist faculty such as opticians, optometrists, non-MD PhDs, neurologists, and pathologists were excluded. If detailed information could not be obtained from the department's Web site, the department was contacted via email or telephone. With one exception, the subspecialties included in this study were those with fellowships listed by the San Francisco Ophthalmology Fellowship Match: anterior segment, cornea and external disease, glaucoma, neuro-ophthalmology, ophthalmic pathology, ophthalmic plastic surgery, pediatric ophthalmology, uveitis and ocular immunology, and vitreoretinal diseases. Ocular oncology was not listed by the San Francisco Ophthalmology Fellowship Match, but was included in our study.
Programs were grouped by region according the U.S. Census Bureau (http://www2.census.gov/geo/pdfs/mapsdata/maps/reference/us_regdiv.pdf). These include the following: (1) northeast: CT, MA, ME, NH, NJ, NY, PA, RI, and VT; (2) midwest: IA, IL, IN, KS, MI, MN, MO, ND, NE, OH, SD, and WI; (3) south: AL, AR, DC, DE, FL, GA, KY, LA, MD, MS, NC, OK, SC, TN, TX, VA, and WV; and (4) west: AK, AZ, CA, CO, HI, ID, MT, NM, NW, OR, UT, WA, and WY.
The h-index is defined as an individual's number of papers, h, with at least h citations. The m-quotient is the h-index divided by the number of years since the author's first publication. H-indices and m-quotients were obtained from the citation database Scopus (Elsevier, http://www.scopus. com). Scopus has previously been used in this manner and has strong correlation to other citations databases such as Google Scholar and Thomson Reuters' Web of Science. 11, 15 Scopus also has unique identification capabilities, making it possible to cross-check departments and ophthalmological publications for further accuracy. In the event that a researcher was not easily identified in Scopus, efforts were made to identify him or her by analyzing all researchers of the same name.
Data collection took place between May 2015 and June 2015, and calculations were completed in June 2015.
Statistical Analysis
The Kruskal-Wallis one-way analysis of variance (ANOVA) was used for comparison of continuous variables. The Mann-Whitney statistical test was used when describing comparisons between two groups. Academic rank was corrected for gender using a two-tailed ANOVA. Statistical significance threshold was set at p < 0.05, and mean values are presented with AE SD. All data were analyzed using SPSS software (IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY).
Results

Bibliometric Profiles for Academic Ophthalmology
Data were obtained from 110 departmental Web sites, and included 2,824 academic ophthalmologists. The h-index and m-quotient were available for 2,491 (88.2%) of the 2,824 individuals. The mean h-index was 10.56 AE 11.96 with a median of 6 and a range from 0 to 127. The mean m-quotient was 0.52 AE 0.44 with a median of 0.40 and a range from 0 to 3.53. ►Table 1 describes h-indices and m-quotients for academic rank, gender, fellowship training, subspecialties, and region. A total of 110 chairs, 607 professors, 494 associate professors, 960 assistant professors, and 265 instructors were reviewed. There was a significant increase in h-index and m-quotient with increasing academic rank (Kruskal-Wallis, p < 0.001) (►Figs. 1 and 2). There were 1,989 males (70.4%) and 835 females (29.6%) represented. The mean h-index for males was 12.12 AE 12.66 with a median of 8.0 and a range from 0 to 127, and differed significantly from the mean female h-index of 6.84 AE 9.07 with a median of 4 and a range from 0 to 117 (Mann-Whitney, p < 0.001). When corrected for academic rank, the differing h-indices remained significant (two-way ANOVA, p < 0.001) (►Fig. females, respectively, and while this appears significantly different (Mann-Whitney, p ¼ 0.001), after correcting for academic rank, the difference was no longer significant (two-way ANOVA, p ¼ 0.955). Females held fewer positions in each academic rank. Specifically, 8 of the 110 chair and 92 of the 607 professors positions were held by females (►Table 2).
There was a significant increase in h-index and m-quotient among those with fellowship training (Kruskal-Wallis, p < 0.001) (►Table 1). Those without fellowship training (n ¼ 283) had a mean h-index of 5.07 AE 7.92 with a median of 2.0 and a range from 0 to 56 and a mean m-quotient of 0.32 AE 0.41 with a median of 0.19 and a range from 0 to 3.44. Ophthalmologists completing one fellowship (n ¼ 2,011) had a mean h-index of 10.96 AE 12.20 with a median of 7 and a range from 0 to 127 and a mean m-quotient of 0.54 AE 0.44 with a median of 0.43 and a range from 0 to 3.53. Those completing more than one fellowship (n ¼ 197) had a mean h-index of 14.47 AE 11.76 with a median of 11 and a range from 0 to 61, and a mean m-quotient of 0.69 AE 0.41 with a median of 0.61 and a range from 0 to 2.20. There was a significant difference between mean h-indices and m-quotients when comparing physicians with more than one fellowship to those completing only one fellowship (Mann-Whitney, p < 0.001).
Cornea and external disease and vitreoretinal disease had the largest number of faculty by subspecialty (►Fig. 4). There were significantly different h-indices and m-quotients among the various subspecialties in academic ophthalmology (Kruskal-Wallis, p < 0.001). Ocular oncology had the highest h-index, followed by ocular pathology, vitreoretinal disease, and neuroophthalmology, uveitis and immunology, cornea and external disease, glaucoma, pediatrics, oculoplastics, anterior segment, and comprehensive ophthalmology (►Fig. 5).
Departmental Rankings
The 110 departments were ranked based on the summation and the mean of h-indices within the department. 
Discussion
Bibliometrics is a simple, yet powerful tool that can yield information about an individual or a department's scientific influence, which is an important measure of academic success. This approach has gained favor in several medical fields, and the h-index has been used in ophthalmology on a limited basis. 15, 23 In February 2013, Svider et al compared h-indices among different surgical specialties and found that ophthalmology had lower h-indices than general surgery, neurosurgery, orthopedics, and urology, but higher h-indices than obstetrics and gynecology, otolaryngology, and plastic surgery. The study was conducted from a sample of 20 randomly selected departments and included 2,429 surgeons of the various fields. 24 In 2014, Svider et al found that a higher h-index is strongly associated with NIH funding within ophthalmology 21 and also found a statistical difference in NIH funding when comparing genders. 22 Lopez et al demonstrated gender differences in a review of 1,460 academic ophthalmologists. They found that females are underrepresented at higher academic positions and have significantly lower productivity than males early in their careers. However, when comparing the publication productivity at the end of their careers, male and female scholarly output became equivalent, and females may have even surpassed their male counterparts. 25 Gender differences in our study were similar to those found by Lopez at al, with females making up to $30% of academic ophthalmology and being underrepresented in higher academic ranks. 25 Huang et al found that fellowship training correlated with higher publication productivity in 1,440 ophthalmologists. 23 Our study found comparable results, and showed that the hindices of physicians with multiple fellowships were higher than those with one fellowship. Comparing the fellowship training report by Huang et al, we found similar results, although the order differed slightly. 23 Of note, in our results, there was a trend for smaller volume fields such as ocular oncology, pathology, and uveitis and ocular immunology to have higher h-indices. This may represent the effect of a few extremely productive ophthalmologists in a relatively small pool.
As in several studies, we found productivity positively correlated with academic rank. 11, 15, 16, 20, 21, [23] [24] [25] There were significant differences between h-indices and m-quotients when comparing academic rank, supporting previous studies linking higher productivity to promotion and tenure. 1, 2 Ranking departments was done to benchmark the publishing record of each department as has been done in other specialties. 15 By measuring the success of the individuals within a department, we can gauge the accomplishment of the department as a whole. Summing the h-indices of each member favored those departments with large volumes of faculty. As such, using the mean of the h-index may be a better benchmark for smaller departments. However, within smaller departments, the mean h-index can be unduly influenced by one or a few outliers, and thus, ranking by mean h-index may not accurately reflect the overall productivity or general support for scholarly activity within a department. Thus, we decided to include both the sum and the mean into the rank lists to allow for meaningful use of the analysis. Furthermore, while the h-index only shows how much activity a researcher has produced in a lifetime, the mquotient helps illicit those producing consistent literature independent of age. Departments with a high m-quotient ranking could be viewed as supporting the newer academic ophthalmologist and encouraging those advanced in the field to maintain productivity.
This list can be used by deans and chairmen to evaluate their programs since those with higher scholarly impact may be more able to recruit and retain high-quality faculty and residents, as well as procure NIH funding. 3, 6, 21 Also, prospective faculty and trainees who desire a scholarly program can view this list for comparison purposes when making career choices. Bibliometric studies assessing productivity in academic medicine are becoming more common. Future reports could be repeated in series to determine trends in academic activity and scholarly impact. Also, in future studies, departments could be evaluated for a specific subspecialty instead of the entire department itself. This information might be useful for residency and fellowship applicants.
Sub-specialty
As new metrics and reports are developed, caution must be warranted when interpreting those parameters. Hirsch himself stated, "… a single number can never give more than a rough approximation to an individual's multifaceted profile, and many other factors should be considered in combination in evaluating an individual." 8 We look forward to future assessments utilizing robust bibliometric models, such as the h-index, fostering and improving scholarly activity in academic departments.
Limitations
While the h-index is the most recognized parameter, it is not without limitations. First, the size of the studied field greatly influences the h-index. 11, 15 Since ophthalmology is relatively small compared with, for example, general surgery, h-indices will tend to be lower for ophthalmology on the basis of its smaller pool of researchers and potential readership. Thus, caution must be used when applying the h-index to compare different specialties, as in the study previously mentioned. 24 This limitation also accounts for some of the differing h-indices in the ophthalmological subspecialties found in our results. For instance, the higher h-indices of ocular pathology and neuroophthalmology could be influenced by wider readership (beyond ophthalmology) of pathology and neurology journals. Differences between subspecialties may also be explained by the relative number of ophthalmologists within a subspecialty.
A major criticism of the h-index is that it can be falsely inflated by self-citation. 26 An author might self-cite papers to increase his or her h-index, especially in the beginning of a publishing career, because fewer citations are needed to increase the h-index. Engqvist and Frommen analyzed this problem in a study of 40 evolutionary biologists and ecologists by removing all self-citation counts, and they found the impact of self-citation to be minimal. 26 Another drawback of the h-index is positively correlated with time spent publishing within a field secondary to the continually maturing citation count. 11 Additionally, some argue that it favors quantity over quality, as very highly cited papers are not adequately accounted for. Other parameters such as the g-index 27 and e-index 28 reward those publications that are very highly cited, something the h-index lacks. However, in prior studies analyzing the productivity of neurosurgery departments, the g-index and e-index were found to be multicollinear with the h-index, resulting in a similar ranking regardless of the citation metric. 15, 29 Our methodology follows protocols utilized in several previous studies. 15, 21, 23 The database Scopus was chosen because of its unique identification and search capabilities. 15 For example, common names are difficult to identify, but Scopus assigns departments and specialties to each author, making analysis more accurate. Despite these advantages, our study is only as accurate as the accessible data. Data obtained from department Web sites and Scopus may produce erroneous results if outdated, and Scopus itself does not count citations prior to 1996. One might assume this limitation would affect all departments' analyses equally, but that assumption may not be true, and we have no way of determining the effect of this limitation. Our data collection period was 2 months and could have minimally influenced results, as those at the end of the collection period potentially had as much as two additional months to publish or acquire additional citations. Furthermore, as important as it is to review the most actively productive members of the field, benefits can also be gleaned from evaluating idleness. Individuals without hindices (n ¼ 333) were sought out. If found, their publications were then searched in Scopus to ensure internal validity. However, if the individuals could not be located in Scopus, they were considered to be inactive members of the community. These assumptions may have resulted in unintentional, unquantifiable errors in analysis.
Conclusion
This report includes detailed information about publication productivity in academic ophthalmology across academic rank, departmental rankings, gender, region, and subspecialty. This analysis can be used for comparing effectiveness in promoting scholarly activity among academic departments of ophthalmology. We hope that this information provides data that will guide program development and be useful to prospective or current trainees and faculty interested in scholarly productivity. Benchmarks generated by robust bibliometric profiling have the potential to drive improvements needed for the growth of scholarly output within academic departments and the advancement of ophthalmology.
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